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波长条件下，纳米金属薄膜表面不同荧光发射波长（540 nm ~ 720 nm）的 CdTe
量子点均可被激发而与金属表面等离子体发生耦合相互作用，从而在棱镜一侧的
不同角度发出高度定向的偏振荧光，荧光发射波长越长，对应的定向角度越小。
荧光发射波长分别为 720 nm 和 630 nm CdTe 量子点的自由空间发射荧光光谱呈
现交叠，然而，基于 SPCE 的波长分辨性质，我们通过改变检测角度避开光谱重
叠，在棱镜一侧的 43º 和 51º 处分别得到了两种量子点的 SPCE 荧光单峰。多色

















点 SPCE 的 Hg(Ⅱ)传感器。通过层层自组装技术将巯基乙酸稳定的 CdTe 量子点
组装到 Au 膜表面，由于金属表面等离子体的作用，量子点在棱镜一侧 48.5º 处
发射出强度约为自由空间荧光发射（Free Space，FS）5 倍的，高度定向的 SPCE
荧光信号。SPCE 的高荧光收集效率和量子点的高发光效率使得基于 CdTe 量子





















Surface plasmon coupled emission (SPCE), a novel surface enhanced 
fluorescence technology, has emerged as a potentially powerful tool in interface 
analysis and multi-channel detection with high sensitivity and good surface selectivity. 
The core idea of SPCE is to use a thin metal film to enhance fluorescence excitation 
and to improve fluorescence collection for fluorophores adjacent to the surface. SPCE 
has attracted increasing attention due to its unique advantageous properties including 
high directionality, unique polarization, distance dependence and wavelength 
resolution in the past years. Quantum dots (QDs) would be the ideal fluorescent 
specie for SPCE application due to their excellent optical properties. This dissertation 
focuses on the investigation of optical properties of CdTe QDs directly synthesized in 
aqueous solution located in the vicinity of continuous thin metal films and the 
fabrication of an SPCE-based quenchometric sensor for Hg (II) ion sensing. The 
dissertation consists of four chapters. 
In the first chapter, a literature summarization was presented. Firstly, the working 
principle, characteristics, research progress and application developments of SPCE 
were reviewed. Secondly, the synthesis procedures, optical properties and research 
progress of QDs were described. Thirdly，the influence of nanoscaled surfaces on the 
optical properties of QDs was introduced. Finally, the plans for the dissertation were 
put forward.   
In the second chapter, the fluorescence emission properties of CdTe QDs located 
nearby continuous thin metal film and the superiorities of QDs in SPCE application 
were studied. CdTe QDs with different emission wavelengths (ranging from 540 nm 
to 720 nm) located nearby continuous thin metal film could be excited under different 
excitation wavelengths and their emissions resulting from the surface plasmon 
coupling were highly directionalized and strongly polarized. Owing to the excellent 
wavelength-resolution property of SPCE, CdTe QDs with different emission 















corresponding to smaller angles. The free space (FS) emission spectra of 720 nm and 
630 nm QDs in a mixture were overlapped and could not be fully separated at any 
detection angle. However, owing to the unique wavelength resolution ability of SPCE, 
the spectra of 720 nm and 630 nm CdTe QDs were obtained at 43º and 51º on the 
prism side, respectively. Therefore, SPCE of multicolor QDs has a promising prospect 
in high-throughput, multiplex analysis application.  
In the third chapter, in consideration of the quenching effect of mercury ion on 
the fluorescence emission of aqueous CdTe QDs, we developed an SPCE-based 
quenchometric sensor for Hg(II) ion sensing. CdTe QDs stabilized by thioglycolic 
acid were attached to a gold film through layer-by-layer assembly. The highly 
p-polarized emission of CdTe QDs observed on the prism side was strongly 
directional at a defined angle of 48.5º, resulting in a 5-fold signal as FS emission does. 
The response of Hg(II) sensor based on SPCE was demonstrated to be more sensitive 
than that based on FS and the response range was enlarged as well, which should be 
attributed to the high light-collection efficiency of SPCE and the high brightness of 
QDs. 
In the fourth chapter, the innovation of the study was concluded and the prospect 
of this research was predicted. 
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2004 年，美国马里兰大学的 Lakowicz 课题组提出了一种新型独特的荧光分










面增强荧光方法。SPCE 在原理上与表面等离子共振（Surface Plasmon Resonance，































(Attenuated Total Reflection，ATR)，而 ATR 可利用 Krctschmann-Raethe 结构[8]
和 Otto 结构[9]。目前， 为有效的激发 SPR 的方法是由德国科学家 Krestchmann
首先设计的基于棱镜耦合的模型，因此对 SPR 和 SPCE 的研究大都是基于
Krestchmann 模式进行。 
为了获得 SPCE，可以采取以下两种模式：Kretschmann 模式（KR 模式）和
Reverse Kretschmann 模式（RK 模式）。  
 
图 1.1 （A）Kretschmann 模式的 SPCE 和（B）Reverse Kretschmann 模式
的 SPCE[7] 
Fig.1.1 Experimental geometry for measurement of SPCE with the 
Kretschmann (A) and reverse Kretschmann (B) configurations 
θF θSP θF θF 
Thin metallic film 
Fluorophore 























子除了可以被瞬逝场激发外，还可以被激发光直接激发，如图 1.1（B）中 RK 模
式所示。入射光直接从金属薄膜前端入射，激发位于其表面的荧光分子，激发态
的荧光分子与金属表面产生的等离子体耦合，在与荧光物种发射波长对应的共振
角 Fθ 处产生 SPCE。利用 RK 模式激发产生 SPCE 的过程可以看作是 SPR 的逆
过程，其 spθθ =F 。RK 模式激发直接利用入射光，为简化实验装置提供了可能性，
例如，Lakowicz 课题组[10]利用 LED 为激发光源观察到了 SPCE 现象，而本课题
组[11]利用市售激光笔为光源搭建了 SPCE 小型装置。 
1.1.2 表面等离子体耦合发射荧光的性质 
1.1.2.1 定向性质 
SPR 只有在入射光角度为表面等离子体共振角（ SPθ ）时才能发生，相应的， 
SPCE 中荧光发射呈现定向性质, 在与荧光分子发射波长对应的共振角处产生高
度定向的表面等离子体耦合荧光发射。当使用半圆球形棱镜作为耦合器件时，
RK 模式激发产生的 SPCE 经典模型如图 1.2 所示，经耦合作用产生的荧光信号





















图 1.2 RK 模式下使用半圆球棱镜得到 SPCE 在屏幕上成像示意图[7] 
Fig.1.2 Schematic diagram of SPCE screening using RK configuration excitation 
and a hemi-spherical prism 
1.1.2.2 偏振性质 
入射光的电场可以分解为两个相互正交的偏振光分量，如图 1.3 所示，我们







厚度均会对这一性质产生影响[13, 14]。Lakowicz 课题组[14]考察了 Ag 膜表面不同
厚度的罗丹明 S101 样品膜的荧光性质，当样品膜厚度 nm160≤ 时，在 51º 处收
集到完全 p-偏振的荧光信号，当膜厚增加至 300 nm 时，出现 44º 和 60º 两个定
向角，且其荧光发射分别表现出高度 p-偏振和 s-偏振性质；当样品膜厚度在 500 
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